Document made available under the 
Patent Cooperation Treaty (PCT) 



International application number: PCT/US04/043428 
International filing date: 23 December 2004 (23.12.2004) 

Document type: Certified copy of priority document 

Document details: Country/Office: US 

Number: 60/532,847 

Filing date: 24 December 2003 (24.12.2003) 



Date of receipt at the International Bureau: 31 January 2005 (31.01.2005) 



Remark: Priority document submitted or transmitted to the International Bureau in 
compliance with Rule 17.1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 




lit 

mm 

I! 
in 



ma 



Hip 



THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM 
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK 
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT 
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A 
FILING DATE. 



APPLICATION NUMBER: 60/532,847 
FILING DATE: December 24, 2003 

RELATED PCT APPLICATION NUMBER: PCT/US04/43428 



mm 

mm 

|| 



- ii 

^ <v:> 

m 






Certified tov 



Under Secretary of Commerce 
for Intellectual Properly 
and Director of the United Siata 
Pateid and Trademark Office 



CO 
CO 



Please type a plus sign (+) inside this box 



□ 



PTO/SB/16(5-03) 
Approved for use through 4/30/2003. OMB 0651-0032 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

PROVISIONAL APPLICATION FOR PATENT COVER SHEET P 

This is a r quest f r filing a PROVISIONAL APPLICATION FOR PATENT under 37 CFR 1 .53(c). i 



Given Name (first and middle [if any]) 


Family Name or Surname 


Residence |2| 
(City and either State or Foreign Country) J^cf 


William T. 


Townsend 


31 Country Drive, Weston, MA 02493 i © . 



INVENTOR(S) 



=o 
=^ 

=C\J 



j j Additional inventors are being named on tht separately numbered sheets attached hereto 



TITLE OF THE INVENTION (280 characters max) 



Automatic Pretensioning Mechanism For Tension-Element Drives 



Direct ail correspondence to: 
Customer Number 

OR 



CORRESPONDENCE ADDRESS 



21874 



Type Customer Number here 



Place Customer Number 
Bar Code Label here 



Firm or 

Individual Name 



Peter J. Manus 



Address 



EDWARDS & ANGELL, LLP 



Address 



P.O. Box 9169 



City 



Boston 



State 



MA 



ZIP 02209 



Country 



US 



Telephone (617)439-4444 



Fax (617)439-4170 



ENCLOSED APPLICATION PARTS (check all that appl y) 



^ Specification Number of Pages 
Drawing(s) Number of Sheets 



15 



[ZD A pp ,icati ° n Data Sneet - See 37 cfr 176 



□ CD(s), Number 

I I Other (specify) 



METHOD OF PAYMENT OF FILING FEES FOR THIS PROVISIONAL APPLICATION FOR PATENT (check one) 

Applicant claims small entity status. See 37 CFR 1 .27. FILING FEE 

A check or money order is enclosed to cover the filing fees ■ AMOUNT ($) i 

The Director is hereby authorized to charge filing 

□ 



fees or credit any overpayment to Deposit Account Numbei 
Payment by credit card. Form PTO-2038 is attached. 



04-1105 




The invention was made by an agency of the United States Government or under a contract with an agency of the 
United States Government. 
g| No. 

["1 Yes, the name of the U.S. Government agency and the Government contract number are: 



Respectfully submitted, a 

SIGNATURE 

TYPED or PRINTED NAME Peter J - Manus 

(617) 439-4444 



Date 



12/24/03 



REGISTRATION NO. 

(if appropriate) 
Docket Number: 



26,667 



(47798) 60481 



TELEPHONE 

USE ONLY FOR FILING A PROVISIONAL APPLICATION FOR PATENT 

This collection of information is required by 37 CFR 1.51. The information is used by the public to file (and by the PTO to process) a provisional application. 
Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 8 hours to complete, including gathering, preparing, and submitting 
the complete provisional application to the PTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete this 
form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, 
P.O. Box 1450. Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Mail Stop Provisional Application, 
Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 



Iryou need asssitance in completing the form, call 1-SOO-PTO-9199 and select option 2. 



P19SMALL/REV05 



CERTIFICATE OF MAILING BY "EXPRESS MAIL" (37 CFR 1.10) 

Applicant(s): William T. Townsend 



Docket No. 
(47798) 60481 



Serial No. 
Not assigned 



Filing Date 
Herewith 



Examiner 
Not assigned 



Group Art Unit 
Not assigned 



Invention: 



Automatic Pretensioning Mechanism For Tension-Element Drives 



I hereby certify that the following correspondence: 

Provisional Application For Patent Cover Sheet, Provisional Application (specification 15 pages, drawings 6 sheets); 
check $80 

(Identify type of correspondence) 

is being deposited with the United States Postal Service "Express Mail Post Office to Addressee" service under 37 
CFR 1.10 in an envelope addressed to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 on 

December 24, 2003 

(Date) 

Laurie J. Brown 



(Typed or Printed Name of Person Mailing Correspondence) 




EV 343729378 
("Express Mail" Mailing Label Number) 



Note: Each paper must have its own certificate of mailing. 



P06A/REV02 



Automatic Pretensioning Mechanism for Tension-Element Drives 
Field of Invention 

This invention relates to an automatic pretensioning mechanism for tension- 
element drives. 

Background of Invention 

Tension-element drives and especially finely-stranded, stainless-steel cable drives 
have taken on increased importance in mechanical transmissions used for high- 
performance automated machines. Increased exploitation of computer control places a 
higher value on lightweight, compact machines that react quickly to motor commands, 
and often these characteristics are achieved through the use of tension-element drives. 
While cable drives are the most common type of tension-element drive used in automated 
machines, this invention applies also to the broader category of tension-element drives, 
which extends to tapes/bands, belts, ropes, and chains. 

When properly designed, tension-element drives have high material strength, high 
stiffness, low weight, low velocity ripple, low torque ripple, no backlash, and low 
friction. Furthermore, they do not leak and do not require surface lubrication. Cables 
and some other tension-element types can be guided several meters around pulleys 
through complex and twisting geometries. Cables and all other tension-element drives do 
not transfer power through compression or shear; and as a result they avoid added 
compliance and strength limitations found in gear teeth, harmonic drives, linkages, drive 
shafts, and push rods caused by bending moments or buckling. Cable drives transmit 
mechanical energy with far greater power density than hydraulic systems because the 
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tensile strength of extruded stainless steel, even derated by a factor of 3 for inter-fiber air 
gaps, transmits power at an order of magnitude higher stress (400 MPa) compared the 
highest-pressure hydraulic systems (40 MPa). When designed for reliability, cable drives 
have a history of dependability in such demanding applications as aerial trams, cable 
cars, aircraft and missile control surfaces, cranes, and elevators. 

High performance in servo-driven cable drives and many other tension-element 
drives is maintained only when the cables are pretensioned to at least one-half of their 
maximum operating tensions so that neither of an antagonistic pair of cables becomes 
slack, even when subjected to full operational motor torque. Pretension is the equal 
tension present in both cables of a tension-element drive when zero torque is exerted 
from the drive or driven shafts. With proper pretension T p , the high and low 

instantaneous tensions T H and T L in a pair of antagonistic cables driven by motor torque 
x M are 

T H =T F +T„(r„+r c )>0 and 
T L =T P -x M (r M +r c )>0, 

where r c is the cable radius and r M is the wrap radius of the motor shaft. As long as 

there is adequate pretension in the system before operation, at least some level of tension 
will remain in both cables under any operating torque, ensuring no slack will form in 
either cable, even momentarily. 
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Slack can allow enormous cable loads due to wind-up each time the motor 
reverses torque. Momentarily the motor is allowed to accelerate in the opposite direction 
from the rest of the system, increasing its kinetic energy until the slack suddenly 
disappears and the kinetic energy is instantly converted into very high cable stress 
causing local yielding in individual cable fibers, and leading to rapid cable stretch and 
premature cable failure. Pretension prevents this behavior. 

Pretensioned cable pairs also exhibit twice the drive stiffness over non- 
pretensioned cable pairs because both, rather than one, of the cable stiffnesses contribute 
in parallel to the overall drive stiffness. 

Several methods have been used to apply pretension - e.g. applicant's U.S. Patent 
Nos. 5,388,480 and5,046,375, and applicant's PhD thesis entitled "The Effect of 
Transmission Design on Force-Controlled Manipulation", Massachusetts Institute of 
Technology (1988). None of the previous methods (e.g. Townsend PhD thesis 1988 and 
Pat# 5,388,480) is automatic or easily automated. Unfortunately pretensioning is a 
highly iterative process because local pretention induced in a short segment of the cable 
drive does not easily migrate to the rest of the drive due to the exponentially nonlinear 
capstan effect, given by the equation: 

T H =T L xe* 9 

where T H and T L are the tensions at the ends of a cable wrapped p radians around a 
cylinder with friction coefficient \i between the cylinder and cable surfaces. For 
stainless-steel cable running on metal or ceramic cylinders, 0.2 < |j. < 0.5 , and is 
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generally constant in a given design. With n nearly constant, the exponential capstan 
equation is extraordinarily sensitive to the number of cable wraps. 

For example, assume that the friction coefficient is 0.3, and a cable is wrapped 
only 5 turns around a pulley. In a hypothetical tug of war, between an ant and an ox 
pulling on opposite ends of this wrapped cable, the ant would only have to pull with 1 gm 
(force) to stop an ox pulling with 80 kg (force). The capstan effect guides many design 
aspects of cable drives. For example, to protect the normally-weaker terminated ends of 
the cable from high loads, two or three extra wraps of cable beyond the working range of 
the drive eliminates virtually all shock-load exposure at the terminations. The capstan 
effect also constrains the design of the popular split-pinion method of enabling 
pretensioning. In this method the two halves of the motor pinion are allowed briefly 
during pretensioning, to counter-rotate in the relative direction that eliminates cable slack 
and induces pretension. This method only works if neither cable straddles the split 
between the two halves of the motor pinion. If one of the cables straddles the split by 
more than a wrap or two, capstan effect will prevent relative rotation in the direction 
required to increase pretension. 

A related factor is that cables exhibit higher performance and last longer if the 
pinion is scalloped with a helix that supports the circular cross-sectional shape of the 
cable. Otherwise the cable becomes elliptical under the high pressure between the cable 
and the pinion surface due to the radius of curvature of the wrapped cable. In an active 
cable drive, the cable repeatedly cycles from elliptical to circular as it wraps and unwraps 
off the pinion and pulley surfaces. When a pinion drives a larger diameter pulley, this 
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lateral pressure is greater on the pinion by the ratio of their diameters. It is impractical to 
align the scallop patterns between a pinion and a pulley, partly because the process of 
pretension will change the alignment over the lifetime of the cable. But since the 
unwanted pressure is much higher on the pinion, the pinion alone is scalloped. However, 
pretensioning split in the pinion creates a similar alignment dilemma as the cables are 
pretensioned over their lifetime. Therefore, in known pretensioning systems, the pinion 
is only scalloped on one side of the pinion split with the other side left as a simple 
cylindrical surface that matches the radius of the bottom point of the scallop. 

Cable damage due to cycling between circular and elliptical cross-sections 
depends on the frequency of cycling. A histogram of the most active locations of the 
average drive approximates a Gaussian distribution with the highest activity near the 
middle of the drive range and the least activity at each extreme of the drive range. 
Therefore, known designs place the pinion split near the extreme edge of the drive range 
so that actively cycling cable is nearly always supported by the scallop. As a result, the 
ends of the drive range are rarely used. 

A cable pretensioner will only impose and store a local pretension in the 
compliance of the usually-short free span of cable between pulley tangents and just a 
couple of radians of the wrapped cable nearest the free span. The rest of the 90+% of 
cable is unaffected. The only way to migrate the pretension into the remainder of the 
wraps is to run the cable drive back and forth several times across its full range. This 
back-and-forth motion distributes the local pretension across the entire cable, leaving a 
weak but nearly uniform global pretension. To bring the pretension up to proper levels 
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across the entire cable drive requires repeating the process multiple times. As a result, 
cable drives either are never pretensioned by the user or inadequately pretensioned, 
resulting in increased compliance, backlash, and rapid cable deterioration. 

The worst drawback of tension-element drives is the lack of technicians familiar with 
their unique service requirements. For the strong benefits of tension-element drives to 
enjoy wider acceptance, users must be freed from the steep cable-maintenance learning 
curve and its tedious application. Through automatic pretensioning, the most important 
and tedious maintenance procedure for tension-element drives becomes virtually invisible 
to the user. Instead of teaching each user how to measure and maintain cable pretension, 
embedded machine intelligence applies this knowledge directly and with precision. 

Summary of Invention 

An automatic pretensioner allows automation of part or all of the iterative and 
tedious pretensioning process. The invention uses the powerful, yet controllable, torque 
of the drive itself to power the pretensioning process rather than to add a costly external 
drive of similar torque capability, for example, to drive a manual worm pretensioner. 

The preferred embodiment uses a small electric solenoid to block a sleeve from 
rotating and thereby initiate the pretensioning process. Other embodiments of the 
invention use an initiation mechanism that relies purely on actions of the prime servo 
motor. 
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Disclosure of Preferred Embodiment 

Figure 1 illustrates a simple, single-stage, tension-element drive with an automatic 
pretensioner according to the invention. A servo-motor 1 is commanded to apply a 
torque to its output shaft 2, which has two diameters, 2a and 2b. A one-way clutch 3, 
such as the Timken/Torrington RC-061008-FS drawn-cup roller clutch, prevents sleeve 4 
from rotating in the clockwise 15 direction with respect to shaft 2. Cable 5 is anchored 8 
to the surface of sleeve 4, and is wrapped several times in the clockwise 15 direction 
along a right-hand helix towards the face of motor 1. Cable 5 then spans tangently, as 
indicated by directional arrow 19, to the surface of a driven pulley 11, maintaining its 
pitch angle and is wrapped several times in the clockwise 18 direction, in another right- 
hand helix that continues to maintain the same pitch angle until anchored at 7 at its end 
on the surface of pulley 11. Similarly a second cable 6 is anchored at 9 at the opposite 
end of pulley 11 and wrapped several turns in the clockwise 18 direction using the same 
pitch angle as cable 5, in a right-hand helix until it spans tangently 17 at approximately 
the same lateral position as the span of cable 5. Cable 6 then is wrapped several turns 
along a right-hand helix in the clockwise direction 15 with the same pitch angle on the 
larger shaft surface 2a until it terminates on shaft 2 at anchor 10. The base of solenoid 13 
is fixed with respect to motor 1. Under normal operating conditions, its plunger 14 is 
retracted, allowing rigid finger 12 secured on, and extending radially from, sleeve 4, to 
rotate unimpeded. 
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If the cable pretension T p dips below the ideal pretention T* , the automatic 
pretensioner can restore it as illustrated by Figures 2, 3, and 4. Plunger 14 extends from 
solenoid 13, the motor is commanded to rotate in a clockwise 15 direction until finger 12 
is stopped by reaction force 16 of the plunger. As the motor torque increases above the 
present pretension it induces a small relative motion between shaft at 2 and sleeve 4 
corresponding to increased pretension. 

Regardless of the type of initiationl, an automatic pretensioner of the present 
invention exploits the embedded processor of an intelligent machine using the process 
shown in the flow chart of Figure 5. Figure 5 illustrates the highly iterative process of 
adding local pretension, running the drive back and forth through the full range several 
times, then adding more local pretension, and repeating the process. The servo accurately 
applies a predetermined torque in each pretensioning effort. Several strategies may be 
employed to optimize the process, such as setting the local pretension well above the 
ultimate desired global pretension in order to reduce the number of cycles required in 
Figure 5. Any time the servo motor applies torque to restore pretension, it saves the 
resulting encoder position at the applied torque. Then on subsequent pretension efforts 
the new encoder position can be compared to the last saved encoder position to measure 
any change. If there is no change in position, then no increase in pretension has occurred. 
As pretension in the system is added, the position differences will diminish 
asymptotically to zero. At some predetermined small position difference the global 
pretension can be considered to be complete, and the drive is ready for extended use. 
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Automatic pretensioning opens possibilities for the system to monitor and record 
pretension maintenance patterns. Combined with other information available to the servo 
drive controller, such as how long, how fast, and how hard the drive has been run, 
embedded machine intelligence can adapt to specific users and applications to improve 
prediction of the best pretensioning maintenance schedule. Also, the record of the total 
rotational displacement of sleeve 4 since the first installation and pretensioning of the 
cables can help predict the need to replace cables, alert the user via email, and 
automatically order a set of replacement cables or schedule a service call with the 
machine supplier by the XML Internet protocol. 

While the solenoid method of initiating the pretension process is straightforward, 
alternate methods are disclosed below. The embodiment used depends on the specific 
application. As it may be difficult to provide any control signal beyond control of the 
servo motor or there may not be a power source for the solenoid, the alternate solutions 
require neither, but instead rely on other factors, such as precise control of the motor 
position near the extreme edge of the drive range, or a slackening of the cable. 

It is important to note that with modern servo drives it is straightforward to design 
electronically-enforced, virtual drive-range limits that are only slightly more restrictive 
than the mechanical drive-range limit stops. The difference creates a small keep-out zone 
that can be reserved for special uses, such as initiating pretensioning. Each of the 
following two methods can exploit this feature. 

A method employing the structure shown in Figure 6 uses the cable pretension itself to 
initiate pretensioning. Figure 6A shows the initiation mechanism during normal drive 
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operation when the pretensioning process is not desired. An extendable finger 21 is 
constrained to slide radially within a slot in sleeve 29. A compression spring 20 applies a 
force on finger 21 in the outward direction. For normal operation, however, pin 23 
applies an opposite radial force 28 through an angled slot adequate to compress spring 20 
and keep finger 21 in its fully retracted position. Pin 23 is constrained to move only in 
the axial direction 27 in line with connecting rod 22. Connecting rod 22 is driven at its 
opposite end by the force 26 of wrapped cable 5 pushing on angled pin 24. Figure 6B 
shows the mechanism just before pretension initiation. When cable 5 unwraps in Figure 
6C to the point where pin 24 becomes exposed, the retracting force on finger 21 
disappears and finger 30 is forced outward 32, pushing on pin 23, and sliding connecting 
rod 22 aside 31. Once finger 21 is deployed, it engages fixed obstacle 25 on its next 
clockwise 15 rotation with reaction force 33, thereby allowing the servo motor to set a 
pretension. Note that neither cable crosses the pinion split edge 34 once pretensioning 
commences. In this method, the system defaults to blocking rotation of sleeve 4 until 
cables are fully installed and pretensioned, which can be an advantage if the active motor 
is employed to aid in what is now a normally all-manual cable installation and initial 
pretensioning. This Figure 6 method is normally initiated by moving the cables to the 
end of the drive range and thereby unwrapping cable 5 to release 34 pin 24. However, 
loss of pretension under otherwise normal conditions Figure 7 illustrates another 
structure and related method for initiating the pretension process that exploits the axial 
traveling of the free span of cable 6. Figures 7 A and 7B show the system in normal 
operation. Slider 38 is mounted in immovable base 35 and constrained to move only the 
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axial direction by an axial bore. Slider 38 is square on one end to prevent it from rotating 
so that roller 39 always engages cable 6 at right angles. Roller 39 prevents damage from 
sliding friction against cable 6. Spring 37 keeps the system retracted so that square face 
36 will not impede finger 12 under normal operation. A retention feature on the square 
end of slider 38 prevents it from passing completely through the mating bore in 
immovable base 35. When pretension is desired, the motor is driven to near the end of its 
drive range, as shown in figures 7C and 7D, so that cable 6 makes initial contact 40 with 
roller 39 as the motor is rotated in the clockwise 15 direction. When fully engaged, as 
shown in figures 7E and 7F, spring 37 is compressed 44 by the lateral cable force 43 
allowing slider 38 to extend into the path of finger 12. On the subsequent rotation of 
finger 12, the force 41 applied at 42 stops sleeve 4 allowing the servo motor to set a 
pretension. This Figure 7 method is the opposite of the previous method in that the 
pretension initiation cannot be engaged until after the cables are fully installed and 
pretensioned. This behavior can be a benefit in the case where motor 1 is not exploited, 
e.g. for safety reasons, during the manual cabling process. 
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1 . Apparatus for pretensioning a cable drive powered by a drive motor with a rotary 
output shaft, comprising, an initiation mechanism that selectively couples the 
torque of the output shaft to pretension the cable. 

2. The apparatus of claim 1 wherein said selective initiation mechanism is fully 
automatic. 

3. The apparatus of claim 1 wherein said selective coupler is semi-automatic. 

4. The apparatus of claim 1 where said selective initiation mechanism comprises a 
sleeve that extends axially over one axially extending section of the output shaft 
and is operatively coupled for rotation with the shaft in only one direction, and a 
mechanical device that selectively blocks any rotation of the sleeve with respect 
to the shaft, and wherein the cable is wound in one sense on said shaft and in the 
opposite sense on said sleeve, whereby, when the mechanical device is selectively 
activated, the motor overcomes the previous pretension and rotates the shaft 
relative to the sleeve in the direction that increases pretension. 

5. The apparatus according to claim 4 wherein said mechanical device comprises a 
solenoid. 

6. The apparatus according to claim 4 wherein said mechanical device defaults to 
being engaged when a cable is not present. 

7. The apparatus according to claim 4 wherein the mechanical device defaults to 
being disengaged when a cable is not present. 

8. The apparatus according to claim 4 wherein the mechanical device is engaged 
when cable unwraps from a location near a split between the shaft and sleeve. 



9. The apparatus according to claim 4 wherein the mechanical device is operated by 
the lateral motion of the cable as the cable drive operates. 

10. The apparatus according to claim 4 wherein said mechanical device comprises a 
thread or ball screw that drives a nut axially to initiate pretensioning. 

1 1 . The apparatus of claim 4 further comprising a rotary combination lock and 
wherein the output shaft drives the input to said combination lock mechanism 
allowing the pretensioning to be initiated at any drive location but only after the 
motor reverses its velocity in a specific sequence of precisely-predetermined drive 
positions. 

12. The apparatus of claim 1 1 further comprising a processor operatively coupled to 
said initiation mechanism when n velocity reversals are required to match the 
combination, and where said processor records the last n-J velocity-reversal 
positions, and wherein said processor foils successful completion of the 
combination by adding or subtracting a slight distance to any commanded 
velocity-reversal position that would otherwise complete the combination. 

13. The apparatus of claim 1 1 in which the initiation mechanism includes a spring 
and trigger and wherein normal rotation of the motor immediately after a 
pretension event causes the spring to be compressed, so that it can be released by 
the trigger when the proper combination-lock rotations are entered. 

14. The apparatus of claim 1 further comprising torque control apparatus for the 
motor that sets the level of pretension. 

15. The apparatus of claim 14 wherein said torque control apparatus comprises a 
controller for the winding currents powering the motor. 
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16. The apparatus of claim 1 further comprising an encoder and a processor that sense 
and save the last pretension position so that the degree of pretension actually 
added to the cable drive can be monitored. 

17. The apparatus of claim 16 wherein the cable drive exhibits a capstan effect and 
the pretensioning apparatus operates to produce multiple local pretensions in 
sequence alternating with running the drive over its full range at least one time. 

18. The apparatus of claim 1 wherein the pretension that is set exceeds the ultimate 
desired pretension to reduce the number of local-pretensioning iterations to 
achieve the correct global pretension. 

19. The apparatus of claim 1 in which multiple stages are simultaneously and 
proportionately pretensioned by the type of pretension propagation disclosed in 
[Townsend, W.T., April 1988 Department of Mechanical Engineering PhD thesis, 
The Effect of Transmission Design on Force-Controlled Manipulator, 
Massachusetts Institute of Technology, Artificial Intelligence Laboratory 
TR#1054, Cambridge, MA, USA.]. 

20. The apparatus of claim 1 further comprising means to measure pretension. 

21. The apparatus of claim 20 wherein said measuring means comprises a strain gage. 

22. The apparatus of claim 1 further comprising a processor operatively connected at 
least to said initiation mechanism that runs neural-network algorithms that learn 
and adapt to individual users and applications 

23. The apparatus of claim 22, wherein processor aids in the development of 
maintenance schedules automatically. 
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24. The apparatus of claim 22 wherein said process transmits schedule and alert 
information over a communications network. 
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